Primary cilia extend like antennae from the surface of most eukaryotic cells into the environment, where they function in a variety of sensory roles. Recent studies reveal an intimate interplay between structural proteins of the centrosome and the formation of primary cilia, and provide new insight into the complex function of these fascinating organelles.
cyst formation and subsequent kidney failure, has proven to be particularly valuable in the analysis of proteins important for primary cilia function. Mutations in the primary cilium membrane proteins PC1 and PC2 result in polycystic kidney disease in humans and mice [5, 8] . PC1 activates a G-protein signaling pathway, and PC2 forms a calcium-selective channel. In their normal function, mechanical forces that displace the primary cilium during fluid flow in kidney tubules trigger membrane signaling through PC1 and PC2 [9] . Similarly, the Chlamydomonas protein, IFT88, is required for flagellar growth and mutations in its murine homolog Tg737 result in short primary cilia in kidney collecting ducts and the development of PCD [5] . These advances in understanding primary cilia function have provided direct mechanistic insight into important human disease processes and have generated great excitement in this field.
During growth of cilia, precursor proteins are transported from the cell body, where they are synthesized, to the most distal compartment of the cilium where they are assembled into the elongating axoneme [6] . Transport to the cilium tip is mediated by intraflagellar transport (IFT) particles which serve as a platform for binding and concentrating axonemal precursors and motor proteins. The IFT particle is a complex assembly of about 20 different proteins, many of which show a high degree of homology among divergent organisms. Prior to transport, precursor proteins are loaded onto the IFT particle while it is docked near the base of the cilium shaft [10] . Bidirectional movement of the IFT particle occurs in the shallow space between the outer doublet microtubules of the axoneme, and the membrane of cilium and can be observed directly by differential interference contrast microscopy [11] . Tip-ward (anterograde) IFT movement is powered by kinesin II motor proteins, and following axonemal precursor discharge at the distal end of the cilium, the 'empty' IFT particle is returned to the ciliary base (retrograde movement) by cytoplasmic dynein [6] .
Recent studies [12, 13] have provided evidence that the centrosome plays a crucial role in IFT function and the biogenesis of primary cilia, and that aspects of centrosome structure are reciprocally dependent on interaction with IFT components. Centrosomes, the major microtubule-organizing centers of interphase and mitotic cells, are structurally complex organelles. 
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Current Biology of primary cilia requires interaction between the PCM protein pericentrin and IFT particles, confirming the earlier conclusions drawn from the Drosophila studies. When IFT20 expression was silenced using siRNA, primary cilia again failed to grow as expected; however, this treatment also resulted in the surprising finding that staining of pericentrin at the centrosome was significantly reduced. This observation was unexpected because it suggests that pericentrin localization in PCM is also dependent on IFT function.
Jurczyk et al. [13] then asked whether IFT components and pericentrin interact directly. Pericentrin and IFT marker proteins co-fractionated by gel filtration chromatography and were also co-enriched in preparations of partially purified centrosomes. Likewise, endogenous pericentrin, several marker IFT components and the calcium selective channel protein PC2 co-immunoprecipitated and co-precipitated with GST-IFT20 fusion protein.
Collectively, these studies demonstrate that pericentrin, PC2 and IFT proteins exist together in the cytoplasm as a robust complex.
Through their role in membrane signaling and their importance in a wide range of human disease processes, primary cilia have emerged from their once 'rudimentary' status to be firmly anchored at the very center of cell activities. Delivery and docking of primary cilia precursor proteins to the IFT particle depends on the integrity of the centrosome, and surprisingly, aspects of centrosome structure are reciprocally dependent on proper IFT function. Finally, these observations lead to the intriguing possibility that the IFT particle is a versatile vehicle for delivery of proteins destined not only for incorporation into primary cilia, but into centrosomes as well.
